We constructed 16 deletion mutants from an infectious molecular clone of feline immunodeficiency virus (FIV) and a reporter plasmid carrying the bacterial chloramphenicol acetyltransferase (CAT) 
Feline immunodeficiency virus (FIV) belongs to the lentivirus group of the retrovirus family. It is related in biological characters and genome organization to the other members of that group, including human, simian, and bovine immunodeficiency viruses, equine infectious anemia virus, visna virus, and caprine arthritis-encephalitis virus (for a review, see reference 15) . Lentiviruses are tropic for cells of monocytemacrophage lineage, cytopathic, and able to persist in the cells. They cause a chronic degenerative and slowly progressive disease in the hosts. The genome of lentiviruses is unique among retroviruses in that it carries several extra open reading frames (ORFs) in addition to the gag, pol, and env genes. Extensive functional analyses of human immunodeficiency virus type 1 (HIV-1) have shown that the products of the tat, rev, and nef genes regulate viral gene expression (2). Other HIV-1 genes, such as vif, vpr, and vpu, also influence the replication of the virus (5, 16, 23, 24) . The vpx gene product, which is unique to HIV-2 and simian immunodeficiency viruses, affects the ability of HIV-2 to grow in peripheral blood lymphocytes (8) .
Recently, the complete nucleotide sequences of several distinct FIV strains were determined (12, 17, 25) . Although the FIV genome appears to be less complex than those of primate lentiviruses, it does contain some small ORFs. The functionality of these ORFs, however, is not known yet. We (20) and others (19) deletion mutants were constructed and used to identify the FIV rev gene and to determine its general structure.
To assess the transactivation potential of FIV, we generated various constructs as shown in Fig. 1 . A molecular clone, pTM2dl, and a full-length construct, pTM219, were designed to have proviral structures to facilitate transfection analysis. Upon transfection into CRFK cells, pTM219 directed the production of progeny virions infectious for a feline T-lymphoblastoid cell line, MYA-1 (14) (data not shown). As a reporter for the evaluation of rev gene activity, a portion of the FIV env gene (the SphI-NdeI fragment of pTM219 in Fig. 1 ) was cloned into a CAT vector (20) and designated pRSpCAT-RREf. pRSpCAT-RREf had a structure similar to those of pRSpCAT-RRE1 and pRSpCAT-RRE2, previously used to monitor HIV rev gene activities (20) , and carried the putative rev-responsive element (RRE) within the env gene of FIV in the downstream region of the CAT coding sequence. It has been reported that the RRE coincides with a highly structured RNA sequence located immediately 3' to the cleavage site of the env protein of HIV and simian immunodeficiency virus (4, 10, 11, 13) and of visna virus (26) .
Cotransfections of pRSpCAT reporters and the complete clone pTM219 were carried out to determine the ability of FIV to enhance CAT production ( Table 1) . CRFK cells were transfected with the two plasmids by the calcium phosphate coprecipitation method (1) , and CAT activity in the cells 2 days later was assayed. As shown in Table 1 , pTM219 highly activated pRSpCAT-RREf to result in enhanced CAT production. Without the FIV env sequence encompassing the putative RRE (pRSpCATARRE in Table 1 ), this enhancement was not observed. We further tested whether the products of the human retrovirus rev and rex genes can activate pRSpCAT-RREf (Table 1 ). None of them was able to augment CAT production. The capability of FIV to stimulate reporters of human retroviruses was also examined. As shown in Table 1 , no activation was detected.
To determine the domain of the FIV genome responsible for the above-described activation potential, we generated a (12) (GenBank accession number M59418). The reconstitution of the NdeI (blunt-ended)-EcoRI and EcoRI-SacI (blunt-ended) fragments of the FIV subgenomic large EcoRI clone into a pUC19 vector (blunt-ended AatII and Hindlll sites) to obtain pTM2dl was performed by standard recombinant DNA technology. A full-length clone, pTM219, was constructed by the insertion of the small EcoRI fragment into pTM2dl in a sense orientation. All deletion mutants, except for pTM2dl6, were constructed by digesting pTM2dl with the indicated restriction enzymes, blunt ended by T4 DNA polymerase if necessary, and resealing with T4 DNA ligase. pTM2dl6 was generated by deletion of a 96-bp NdeI fragment from the full-length clone pTM219. The three domains important for the activation of pRSpCAT-RREf (Table 2) series of deletion mutants from pTM2dl and pTM219. By using restriction sites, we removed portions of the FIV genome. Figure 1 illustrates the ORF structure of the FIV genome of the TM2 strain (12) (relatively large ORFs only) and the locations of the introduced deletions. pTM2dl lacked the sequence representing the gag and pol genes. In addition to this deletion, clones pTM2d2 to pTM2dl5 contained various other deletions. A mutant designated pTM2dl6 had only a small deletion within ORF-B relative to the infectious clone pTM219. The rev reporter pRSpCATRREf was cotransfected with each mutant into CRFK cells, and CAT activity was determined as described above. Table  2 shows representative results of the assays. Mutant clones pTM2d2, pTM2d6 to pTM2dlO, and pTM2dl3 to pTM2dl6 did not enhance CAT production. On the basis of these data, the sequences important for activation were mapped to three parts of the genome (Fig. 1) . The sequences were pre-gaggag (Sacl to EcoRI), the central region (StyI to EcoRV), and ORF-B (NdeI to NdeI). a reporter (0.5 ILg) and an effector (10 jig), and CAT production in the cells 2 days later was monitored as previously described (7) . CAT activity, expressed as percent conversion of chloramphenicol to its acetylated form, and activation ratios of the reporters are presented. The FIV rev reporter (pRSpCATRREf) was constructed by inserting the SphI (converted to Sall)-NdeI (blunt-ended) fragment of FIV env (Fig. 1) between the Sall and HpaI sites of the pRSpCAT construct (20) . Other effector and reporter clones have been described elsewhere (20) .
Mutant clone pTM2dl6 was analyzed in more detail to determine whether the phenotype displayed by the mutant was similar to those displayed by proviral rev mutants of primate immunodeficiency viruses and previously reported by us and others (3, 9, (20) (21) (22) . Proviruses of HIVs and simian immunodeficiency viruses lacking a functional rev gene cannot produce gag, pol, and env and are therefore replication defective. This effect of rev is characterized by an altered viral RNA expression pattern (3, 4, 9, 13) . The viral gene expression of pTM219 and pTM2dl6 was monitored by transfection into CRFK cells and Northern (RNA) blot analysis of viral RNAs (Fig. 2A) , Western blot (immunoblot) analysis of gag proteins (Fig. 2B) , and a functional reverse transcriptase assay (Fig. 2C) . The wild type (pTM219) expressed three distinct size classes of viral RNA (Fig. 2A) . The clear difference between the RNA expression patterns of pTM2dl6 and pTM219 observed in our system (Northern analysis of poly(A)+ RNA prepared from the total cell fraction) was the decreased level of the 9-kb RNA species and the increased level of the 1.8-kb RNA species. Examination of viral gag and pol expression showed that pTM2dl6 did not produce gag proteins or functional reverse transcriptase ( Fig. 2B and C) . As expected from the results described above, pTM2dl6 was unable to generate infectious virions upon transfection (data not shown). Fig. 1 ) (10 p.g) into CRFK cells, and CAT activity in the cell lysates prepared 2 days later was determined as described in Table 1 , footnote a. All the data presented here indicate that FIV contains the rev gene in its genome. The reporter pRSpCAT-RREf responded well to FIV clones but not to effectors expressing the rev or rex genes of human retroviruses (Table 1) . Some, but not all, deletion mutants of FIV highly activated the reporter (Table 2) . Finally, the phenotype exhibited by pTM2dl6 was certainly consistent with those exhibited by rev mutants of primate lentiviruses and previously reported (3, 9, (20) (21) (22) (Fig. 2) .
The structures of reporter pRSpCAT-RREf and deletion mutants capable of activating this construct give us new insight into the structure-function relationship of the FIV rev gene. It is clear from our results that the fragment between the SphI and NdeI sites (0.96 kb) within env (Fig. 1) contains the target sequence for the FIV rev gene product (Table 1 ). In the absence of this sequence or its replacement by other sequences derived from viruses distantly related to FIV, the FIV infectious clone pTM219 could not function as a transactivator ( Table 1 ). The precise sequence of the FIV RRE remains to be defined. Results obtained from cotransfection experiments (Table 2) showed that the sequences responsible for the activation of pRSpCAT-RREf were clustered in three separate parts of the FIV genome (Fig. 1) . Inspection of these sequences (Fig. 1) 
